Abstract: Conventional imaging techniques represent a radiating body as a distribution of equivalent monopole sources. This paper presents a more rigorous approach for imaging the supersonic components of both surface pressure and normal velocity produced by scattering or radiation from a nominally cylindrical body. The technique employs the Helrnholtz integral equation to relate monopole and dipole strengths. A modal expansion of the surface pressure on a baffled cylinder forms the basis for determining an array weighting finction used to estimate the surface fields. The technique makes use of acoustic pressure data measured in a horizontal plane at ranges where the evanescent field is insignificant, No far field constraints are imposed in the derivation of the method allowing the measurements to be conducted within the geometric nearfield of the body. When the array is located in the farfield, this method yields similar amay weighting functions to a method derived by Williams (1).
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In this paper, an approach is deveIoped for imaging the supersonic components of surface pressure and normal velocity, and thus intensity, given measurements conducted within the geometric near field of a cylindrical radiator. The development was motivated by a desire to obtain both surface pressure and velocity quantities without far field measurement constraints. The analysis makes the following assumptions: the hull is assumed to behave as a baMed cylinder, the measurements are nominally conducted in a horizontal plane, r>k such that the evanescent component are weak, L3/8r3 << 1, and dr <<I, where r is the nominal measurement radius, X is the acoustic wavelength in water, L is the overall length of the target, and a is the cylinder radius.
The assumed measurement geometry with the hydrophores nominally located in a horizontal plane is illustrated in Figure 1 . The time harmonic pressure measured at the receive array can be related to the pressure on the surface of a radiating body via the Hehnholtz integral is expressed as
pmeas=I[psuti~vG-"vpsutiG]ds
(1)
The normal derivative of the pressure is related to the normal surface velocity via the momentum equation. No assumption is made as to the excitation of the surface pressure and velocity, so this expression is valid for both radiation and scattering experiments. It is important to note that both dipole and monopole terms contribute to the measured field and should be incorporated in the imaging process accordingly. Conventional focused beamforming imaging techniques, for example, do not include the contributions from both source types. The Green's function in the integral is given by G=exp(ikR)/4rrR, where R is the distance from the source to receiver and is expressed in the form of a Taylor's series expansion. It is important to retain terms of 0(#/r2) in the expansion of R for analysis in the near field. The hull is represented by a baffled finite cylinder encompassing the actual hull form. The surface pressure is expanded in terms of unknown modal coefficients a. fi:), where n is the circumferential order and k, is the axial wavenumber, The baffled cylinder representation allows the pressure and its normal derivative on an infinite cylinder to be expressed in a similar manner. The expression for surface pressure is given by Eq. 2, where k, is the radial wavenumber, k is the wavenumber in the fluid, H"(l) is a Hankel finction of the f~st kind, and @is the circumferential angle.
'Suti(z$)=~a.(kZ)H l)(kra)ein4e'kzzdkz -m n (2) If one substitutes Eq. 2 and the corresponding expression for the surface velocity back into the Helmholtz integral, this yields an expression for the pressure measured at an array of hydrophores as shown in Eq. 3. The axially dependent terms in the resulting surface integral, F(k29, illustrate a fundamental difference between measurements taken the near field as compared with those taken in far field. In the farfield, the pressure measured at a given angle is comprised of contributions from a small range of axial wavenumbers, whereas in the nearfield, a wider range of axial wavenumbers contributes to the pressure at each measurement angIe. It is primarily for this reason that a farfield derivation is inadequate for direct computation of surface images given measurements conducted in the geometric nearfield.
To extract supersonic surface components, attention is restricted to axial wavenumbers located within the radiation circle n2/a2+kZ2<~(1). In order to image the supersonic pressure at a particular axial location ZOon the surface, one wants to choose an array weighting finction fi(zo, Om)such that a beamfoming operation will yield an estimate of the supersonic surface pressure p'uGs(zJ: ( 4) where 6~is the angle of the mth receiver and there are a total of M receivers. The development leads to a system of equations that may be solved in a least squares sense for the unknown weighting coefficients. In Figure 2 , the amplitude of the array weighting fiction obtained for imaging the surface pressure is compared with values obtained using the technique of Williams (1). The array weighting fiction can be seen to well approximate the Williams values away from measurement locations at the bow and stem, 0~-O 0 and~~-1 80', respectively.
In order to image the normal derivative of the pressure, and thus the surface velocity, an array weighting fiction must be chosen to relate the observed pressures at the receive array to the normal derivative of surface pressure. The resulting expression is similar to Eq. 4. This again leads to a system of equations that must be solved in a least squares sense. Once the normal derivative of the pressure has been calculated, the velocity is given by the momentum equation. The supersonic intensity is calculated from the product of the surface pressure and velocity.
